. This effect was also exhibited by other ester compounds having polyoxyethylene and long-chain acyl moieties, regardless of the presence of sorbitan residue. These findings suggest that smegmatocin is an esterase acting on Tween 80 molecules and generating free oleic acid, a compound which kills indicator cells. Indeed, nonesterified fatty acids such as oleic acid are known to be toxic to a number of gram-positive bacteria such as Staphylococcus aureus (5, 10), Streptococcus faecalis (6), Bacillus subtilis (22, 23), Clostridium welchii (11), and various mycobacterial species (7, 12, 17, 20 . These bacteria were purified on heart infusion agar plates containing 4% glycerol and maintained on 1% Ogawa egg medium (18) or in heart infusion medium supplemented with 4% glycerol and 0.1% Tween 80.
Smegmatocin, a protein produced by Mycobacterium smegmatis ATCC 14468, was found to have an esterase activity, hydrolyzing Tween 80, polyoxyethylene sorbitan monooleate, added to the assay medium for various "bacteriocins" from mycobacteria. Because M. diernhoferi ATCC 19340 (indicator strain for smegmatocin) is highly susceptible to oleic acid and smegmatocin requires Tween 80 for manifestation of its anti-M. diernhoferi activity, it is likely that smegmatocinmediated antimicrobial action is caused by oleic acid generated by hydrolysis of Tween 80 by the inherent esterase action of smegmatocin. Other mycobacteriocins from rapidly growing mycobacteria also have inherent esterase activity against Tween 80 and require Tween 80 for expression of antimycobacterial action. Smegmatocin was found to hydrolyze various polyoxyethylene (sorbitan) fatty acyl esters but not sorbitan monooleate and glyceryl esters.
Some physicochemical and biological properties of bacteriocins produced by mycobacteria (mycobacteriocins) have been reported by us (4, 21) and others (2, [25] [26] [27] [28] [29] . Biological assays for the bactericidal activity of mycobacteriocins have been performed on media supplemented with Tween 80, polyoxyethylene sorbitan monooleate (2, 4, 21, (26) (27) (28) (29) , which is a growth stimulant (9) , a nontoxic reservoir for oleic acid (20) , and a carbon or energy source (8, 24, 31) of mycobacteria. When attempting to elucidate mechanisms involved in the bactericidal activity of smegmatocin 14468 (mycobacteriocin produced by Mycobacterium smegmatis ATCC 14468), we found that Tween 80 is required for the smegmatocin-mediated killing of M. diernhoferi ATCC 19340 (indicator strain). This effect was also exhibited by other ester compounds having polyoxyethylene and long-chain acyl moieties, regardless of the presence of sorbitan residue. These findings suggest that smegmatocin is an esterase acting on Tween 80 molecules and generating free oleic acid, a compound which kills indicator cells. Indeed, nonesterified fatty acids such as oleic acid are known to be toxic to a number of gram-positive bacteria such as Staphylococcus aureus (5, 10) , Streptococcus faecalis (6), Bacillus subtilis (22, 23) , Clostridium welchii (11) , and various mycobacterial species (7, 12, 17, 20 . These bacteria were purified on heart infusion agar plates containing 4% glycerol and maintained on 1% Ogawa egg medium (18) or in heart infusion medium supplemented with 4% glycerol and 0.1% Tween 80.
Bacteriodns. Smegmatocin 14468 was partially purified from sonically disrupted cells of M. smegmatis days, the maximum dilution of the bacteriocin solution giving a clear zone of growth inhibition was recorded and referred to as arbitrary units (AU) per ml.
(i) Method B. A paper disk (8 mm in diameter) dipped into the bacteriocin solution was placed on 3 x 106 indicator cells overlaid on the basal heart infusionglycerol agar with or without detergent such as Tween 80. Alternatively, wells (7-mm diameter) in the same agar plate were filled with bacteriocin solution. After incubation at 37°C for 3 days, the diameter of the growth inhibitory zone was measured.
(iii) Method C. Three-day-old cultures of M. diernhoferi ATCC 19340 grown on Ogawa egg medium were harvested, rinsed three times with saline, and suspended in heart infusion-glycerol medium. A 0.5-ml volume of the bacterial suspension (4 x 106) was mixed with an equal volume of smegmatocin solution in phosphate-buffered saline containing 0.01% gelatin and 0.5 ml of the same buffer with or without 0.6% Tween 80 and was incubated for up to 72 h with reciprocal shaking. At various intervals, CFU of the incubation mixture were counted by seeding on the heart infusion-glycerol agar plate. In some cases, M. diernhoferi cells were incubated with smegmatocin in the presence of detergents other than Tween 80. (6) , and M. diernhoferi ATCC 19340 (7) were assayed by "method B" (see the text) on heart infusion-glycerol agar plates with (A) or without (B) 0.1% Tween 80. Specific activities of these mycobacteriocin preparations are shown in Table 4 .
Tween 80 (Fig. 1) . Figure 2 shows the dependency of smegmatocin activity on the concentration of Tween 80 added to the agar plate. Toxic effects of Tween 80 were observed at concentrations over 0.5%, presumably due to free oleic acid and its peroxides contained in the Tween 80 preparation. Tween 80 was required for the expression of the bactericidal action of smegmatocin 14468 (Fig. 3A) . Tween 80 was also required for the manifestation of bactericidal activity of bacteriocins produced by the other six strains of group IV mycobacteria (data not shown). Some polyoxyethylene sorbitan longchain acyl esters (Tweens 20, 40, and 60) were also effective in the manifestation of smegmatocin activity, but the degree was lower than that of Tween 80 (Fig. 3B) . Figure 3C shows Table 2 ). The sensitivity of these organisms to oleic acid paralleled the smegmatocin susceptibility. Either 1% bovine serum albumin or 10%6 fetal bovine serum added to the agar medium for smegmatocin assay, as a reservoir for oleic acid, almost completely inhibited the action of smegmatocin (data not shown). The lauric acid (generated from Tween 20 by hydrolysis) was considerably toxic to M. diernhoferi strain ATCC 19340 and SN 1412 (Table 2) ; palmitic acid and stearic acid were substantially nontoxic (data not shown). The reaction mixture of smegmatocin and Tween 80 was subjected to chymotrypsin digestion, heat treatment, or extraction with ethylether, and the resultant samples were measured for their antibacterial activities and for the amount of oleic acid (Table 3 ). The antibacterial substance generated in the reaction mixture of smegmatocin and Tween 80 was highly resistant to chymotrypsin and heating and transferable to the ether layer. Mycobacteriocins produced by some other rapidly growing mycobacteria were incubated with Tween 80, and the reaction mixtures were digested with chymotrypsin, extracted with ether, and assayed for anti-M. diernhoferi activity and oleic acid content. The antibacterial substances were also resistant to chymotrypsin and were extractable by ethyl ether (data not shown). The reaction mixtures with or without heating and the ether extracts contained sufficient free oleic acid for growth inhibition against M. diernhoferi (see also Table  2 ). The anti-M. diernhoferi activities of 12 mycobacteriocins, partially purified by DEAE-cellulose and Sephadex G-150 column chromatography, were compared with regard to Tween 80-hydrolyzing activities (Table 4) . A significant correlation was found between these two activities of mycobacteriocins (r = 0.908; P < 0.05).
DISCUSSION
Tween 80 is added to various culture media for mycobacteria, as a wetting and growthstimulating agent and also as a carbon source (8, 9, 20, 24, 31) . This detergent also serves as a carbon source in Pseudomonas aeruginosa (13) and Lactobacillus salivarius (14) . It is also known that Tween 80 specifically suppresses toxin production by Corynebacterium ulcerans, presumably due to its promoting action of bacterial growth (1) .
We found that Tween 80 was required for the expression of mycobacteriocins produced by group IV mycobacteria. Nonionic detergents other than Tween 80 with polyoxyethylene and fatty acyl ester bonds also had a similar action, whereas fatty acyl ester derivatives lacking a polyoxyethylene moiety did not. These findings suggested that smegmatocin is an esterase having a specificity to polyoxyethylene and fatty acyl moieties. The long-chain acyl coenzyme Ahydrolyzing esterase of P. aeruginosa also acts on Tween 80 (19) . Many of the mycobacterial species also have a Tween 80-hydrolyzing ability (3, 30) ; Hawkins and Steenken (12) reported some properties of crude esterases hydrolyzing Tween 80 prepared from M. phlei and M. smegmatis (butyricum). We examined here Tween 80-hydrolyzing activities of various mycobacterio- cins from rapidly growing mycobacteria. The specific activities of mycobacteriocin preparations for Tween hydrolysis (esterase activity) correlated fairly well with those for anti-M. diernhoferi activity (Table 4) . Moreover, the nearly purified smegmatocin 14468 had a high specific activity of Tween 80 hydrolysis (2.5 x 104 U/mg of protein). These results indicate that the antimycobacterial action of mycobacteriocins produced by group IV mycobacteria against their indicator bacteria is dependent on their esterase activity.
The question arises whether the mycobacteriocins directly act on the indicator bacterial cells or whether the antimicrobial action is merely mediated by substances generated in the reaction between mycobacteriocin and Tween 80. If the mechanism of mycobacteriocin action is the latter, "mycobacteriocins" cannot be regarded as true bacteriocins. The finding that anti-M. diernhoferi activity of smegmatocin was completely inhibited by the addition of 1% bovine serum albumin or 10% fetal bovine serum to the assay medium containing 0.1% Tween 80 strongly suggests the latter possibility, because serum albumin or serum proteins act as a reservoir for oleic acid (7), which is toxic to M. diernhoferi and M. chitae (Table 2 ) and also to M. tuberculosis (12) . The smegmatocin sensitivities of the mycobacterial strains tested here coincided fairly well with their susceptibilities to oleic acid (Table 2) . Moreover d As a turbid growth inhibitory zone was observed, these strains seemed to be weakly sensitive to smegmatocin. ' The MIC varied among four separate experiments. tant substance generated by Tween 80 hydrolysis by various mycobacteriocins actually produced the same clear growth inhibitory zone of M. diernhoferi on the same agar plate as that used for the mycobacteriocin assay (Table 3) . This anti-M. diernhoferi substance is likely to be oleic acid liberated from Tween 80, as discussed above. Indeed, the main component in the ethyl ether extract of the reaction mixture of Tween 80 and mycobacteriocin was determined to be oleic acid by thin-layer chromatography (data not shown). However, we cannot exclude the possibility that another reaction product, polyoxyethylene sorbitan ether, participates more or less in the expression of mycobacteriocin activity as a toxic mediator, because Tweens 40 and 60 act as the collaborating agents with smegmatocin ( Fig. 3) , despite the finding that their fatty acid moieties, palmitic acid and stearic acid, showed no toxicity to M. diernhoferi and M. chitae ( Table 2) .
The mycobacteriocins produced by group IV mycobacteria are not true bacteriocins. They seem to exhibit anti-M. diernhoferi and anti-M. chitae activity as the result of oleic acid, a toxic mediator generated from Tween 80 added to the assay medium. A similar observation was reported by Hawkins and Steenken (12) that cell extracts of M. phlei and M. smegmatis (butyricum) exhibited antimicrobial effects against M. tuberculosis by liberating oleic acid through hydrolysis of Tween 80 added to the medium. In light of our findings, mycobacteriocins reported by other investigators have to be reconsidered since all were assayed for their antimicrobial activity in media containing Tween 80 (2, 4, 21, (26) (27) (28) (29) . In fact, morphological changes such as thickening of the cell envelope in M. diernhoferi after exposure to mycobacteriocin produced by a The reaction mixture, consisting of 1% Tween 80 and smegmatocin 14468 (160 AU/ml) in 0.05 M Trishydrochloride (pH 7.5), was incubated at 370C for 2 h.
After various treatments, the remaining amounts of oleic acid were determined.
h The reaction mixture, after various treatments, was assayed for its antimicrobial activity by "method B" (see the text), and the diameter of the growth inhibitory zone of the indicator strain (M. diernhoferi ATCC 19340) is shown. Smegmatocin was completely (d and e) or nearly completely (t) inactivated by the indicated treatments.
c ND, Not determined.
d Digested with 500 pg of chymotrypsin per ml at 37°C for 1 h.
e The mixture was extracted with ethyl ether, and the extract was evaporated and redissolved in 50 mM NaHCO3 (0.6 volume of original reaction mixture). 
